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-es 67 m 68, Fonu d: ReplaceForm C with correctedForm C
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Page 71, TableCII: The value of ~n,p for n== sad M=l
shouldbe changedto 3.696.
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A COMl?ARJSOIT 03? THREE THEORETICALMETEOIH(Ill’C~

SPAR LOAD DIS~LOH ON SWEPTWRCS

By NicholasH. Ven-Dorn end ~OkUl WYOX

SUMMARY

Threemethodsfor celmlati~ spanload Mstributlon,those
&veloped by V.M. Fs3her, %. Mutierperl,-d J. Weissin@r, have
been appliedto five swept,wings. The an@3s of sweeprangedfrcm
-4y to +4q0. Thesemethodswere examinedto establishtheir
relativeaocuracyand eaee of eppl?oatfon.Experimentallydetermined
loadingswere used as a basis for jwQln~ accuracy. For’the
convenienceof the readersthe ccxnputingformsand all Momatfon
requisiteto theirapplicat:on~ includedIn appendixes.

Fra the analyslsit was fouml that the Weisshger method
wouldbe best suitedto an over+ll studyof the effectsof PM
f’orm on the spanlodlng and associatedcharacteristicsof tinge.
The methodgave good,but not best,accuracyend Involvedby far
the“leastcomputingeffort. The l’.~lhermethodgave the best
acouracFbut at a considerableexpensein canputlngeffortand
henceappearedto be most usefulfor a detailedwkudyof a speclflc
ting. The M@krperl metiod=e~d ~ ad=-s ~ acc~Y Or
faoIlityovereitherof the othermethods.

h en effortto reachhigherfM@t speeds,&si@ers are
turningto widelydiversifiedtypesof plen,fonm$ the aerodynamic
characteristicsof whicham as yet udmom. Since the multiplicity
of suoh designsprecludesan o~erimental tiveetl~tionof each,
cmsiderable~ttentlonhas been directedtowardmeans of obtaining
thesecharacteristicstheoretimlly, Usuallythe basisfor such thee+
retlcaltnveatigationeis spellloading. WMle the precisespan load-
ing itselfmay not be cme5dered of ma~or Importance,It la believed
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that any methodgivingreasonablyaccuratepredictlozie”of span
loadingwouldbe amenableto.simple.extensime whichvouldgive
reasonablyacctite valuesof suchcharacteristicsas lift+xn?ve
.slopo,spanwisecenterof pr&sm’ position,downwaah at arbitrary
locations,and rolling manentsdub to sifisllpor rolling.

A numberof methods-havebeen &3VG@ed for predicting*
spanloadingof sweptwi~s or.~bitrary taperand aspectratio,
but veryfew attemptshavebeen iuu3Bto ocmrpare;for severalmethods,

preddctedand experimentallymeaeurcdloadinp on ldenticalwings.
Tbe investlgaticmreportedhereinwas untirtakento providesuchEL
comparisonof predictedand measureds- loadings. The th~oretical
methodshavebeen oveluatodin +Armsof relativeaccuracy,manmr
and consistencyof error,and tediousnessof’application.

The methodsdevelopodby V.M. Falknor(reforence1), Win.Mutterperl
(refercnco2), and J. Weissinger(reference3) have.beenappliedto
i’ivewingsproducedby sweepingth~ wingparmlsof an aiz~lenethrough
a ~ge of A?” to +45°. Tho span load didxibutionsso calctited
have been comparedwith thoseobtainedexporimontally.In addition,
the lift-curveslopesmd spanwisecente~f~ressuro position
predictedfw eachwI- by the several.mdhcxishave been cmpared
with thosevaluesobtainode~ertientally.

Throughout”the calculationsa chockwas made of the time
requiredfor eachmethodand for the variouspsrtsof eachmethod.
Frcm theseobservatimsa comparimn WE-Smade of the relative
tediousnessof mch method,and indicatioiismre obta~nedas to
whichpartsml@ be renderedless di.tiicultand.tinm con8uuIlnG.

Finally,In orderto enable‘immedia+=.application~f the
methodsall ncicessa.rytibies,ccomputationfwms, and ste@by-step
ccmputation instructionsfor each are includedin the appendixes.
It is believedthatwith thoseaids a computingstaffcouldunder-
takothe computationof swept+wingcharaotsristlcsw$th l~ttle
additionalsupemislon. b addition,fo~:tho convonicncoof the
reader,thereare includedIn the o,ppcndixesany mathematical
derivationsor develupnentsnot immediatelyobtainablefrcm the
referencee.
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A

General

wing szea,squarefeet ‘‘“.’

effective ~ span,,feet

effeotivesapectratto (b2/S)

SSIKLSPEUI (b/2),feet

W@ chord,feet

~ot chord,..feet ~ , -.

averagechord (S/b),Seet

. .

.. . .

.“

,. .,””-

. .
.’

.m.

taperratio,tip chorddividedby root chord (et/co)

sweepangleof quarter-chord.lineposIvivefor ~epback,
de-es

.
&cmetric angleof attackof winGmeasured’from en@e for
zero lL-t,dagrea~ . ....

gecanetr!cangleof atte,ckof ti.ngr@ seotlon,degrees

100al..geometricangle of attack,degrees
..

lon@tudins2 coordbzte & domwaeh pointpositive
forward,feet

l.atera&coordinateof
right,feet

dimensionlessl.atersl
point (y/s) ..

downwaehpointpositive

.
coordinateof dowm’ash

to

. ,.

‘In all instancesexoeptthe &swept wbg, ths ddmal ~lp chordwas
not paraUel to the wind stieam. An effectlw tip chordthat .
ma parellqlwas th~refore esmmed such -t the wing area
remalnsd.constant. Zhe effectivespan ke th.e,-spanto this
effectivetip.

.-
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L3n@tudlnal coordinateof Vortaxelementpositive
forwexd,feet

I.atoralcoordinateof
ri@t, feet

dimenslonlosslateral

vortex element positive to

coordinateof vortoxolemont (~/g]

chord at spemwteostation

densityof air, slugsper

alr+3troemvelocity,feet

,..

~, f cmt .

cubicfoot

per second

.al~tmem dynemic pressure (&V~), p~nds per squarefoot

lift,pounds

lift coefficient (L/q9~.

sectionlift coefflcient

vorttcity,feetper sec~

circulation,f~et squaredP&r second

—
—.

.

spemise center of prec3su50positton
1“

clifferent~Mlpressurebetme,nupperand lowersurfaoos
of wing,“poundsper squarefoot .

stat~cpressure,poundsper squarefoot

freo-streemstaticpressuro,pounds.Wr sque.mfoot

pIYMMm cocffiCiWb [(.~o)/Q]

Inducedvertioalvelocityor dowmah, feetper second
.. .

downwaeh”angl.o,the ratioof downwa&”to freo-etresm
=

velocity
h

spanwise&~aitionIn circulaxcoordinates”(cos-Lq
or cos $)
.. .. ..... .......m..,. .. ....... .. ... ... . . ... . .

?
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.
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.X3

Xt

e

P’

P

em,n

M

v

A,B,C

rv,A;
rv B;
rv’c
)

Gv,A;
%@;
%,c

r~

v

rv,w

!5

SymbolsPortaintng ta th.oFslknorMethod

SOmiSp~ of horaoshoovOrtoX{6/20),foct

dimensi.onlesslongitudinalcoordhato (x/yv)

dimonsionbsslongitudinalcooriMnateof
relatlvoto vortex

longitudinal coordimto roftmredto O.*

Circulsr longituainsl Coordinldm (Cos-1

ddmonsionloss

dimcnsionlosa
to vortox

lateral.Coordinate (y/y~)

I.ataslcoordimto of controlpointrolativo

unknownsin distxibuttogse~ies .

nmber of vorticesh chordwfsedirection

designateswhich of M vorticesin chordwiscdiroct:m . .

functionsused in bmlopmont

circulationincromnt of vortexin
fm-b squaredpm Socona

tio+mctnsiond flow,

dlmensionksscircuktion factors(rV,A/AV;rV,B~J
rv,cm

. .

total circulationof vertexh tmdlmonsiond flow,
fed SqU13rOdpar SeCOZId(rV,A+ rv,B + rv,~)

Mmonsictibsslateralcocrdlm.teof midpointof
SpectiicVortox(y/s)

circubtion of s.goc~ic vortex in
flow,foat squaxd per socti

threckmncnshlsl

—.-—

.-.
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~1

fJl

#

-fY

BR, BL
.

AR, AL

F

G

\

c

ar

G(9)

SWOOPangleof loadingG&G, poaitim for swuopback,
&&ro.os .

SymbolsPertainingto tho Mut+%rporl.‘Method

r,

t.
..-

.=

dhensionlosespanalongthe 0.25clino (b/c.cosA)

dlmensionl.eessemispana.long.tie 0.2~cline (3:/2)

dimensionlessCOOrdi~te of (xQLtrd petit @.~

line pemllel to 0.250line (y/c~ CGS ~)

dimensionless”cocmlinateof vortex element along
O.250Gline (~/c.coaA)

wm=dic~ d.i.s’kneefmm o ,2’jcllne to control2oinv
tivfded237 co —. ..,

distance along 0.250 line frcm ceder secticmto base
of perpendicularto contrGlpointdfvidg~b~ co

.-
. .-

..

.

..-

..-
.. -.,.

...._ - .
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SymbolsPertsdningto the WeissingerMetl’@

localaspectratio (b/c)
r .

Mmenslcnlesscirculation (I’(~)/bV] a c&tinuous b
functionof ij

.—

.
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,...,

m numberof stathns at which spectiic cficulation
is to be determinedand at whichdcmnwashi.s.
summe~

M nunberof stationsat which fn,~ ~ ~(~~!!).
iS to b determined,

n denotisat which of m pointsspecificcirculation
ordinateoccurs

v denotes&t wtiichof m pointsdown- Is summed

Y denotesat wMoh of M po’mts fn,w 62’rn,~ m
LA(v,M; Ordinateoccurs

P1 denoteswhich at m termsin interpolationfunction
fn,k . .

% ciroulascoordinateof point n (nti~zu+l= cos-zij)

QV circularooorMnate of point ~ (WC!I!I+l= Cos–1q)

w circular Cocrdsmate of point ~ (W@wz = Cos-=TJ)

% dimensionless

h .dim&sionless
~..”= ~

cigctiticn at spentisestation %
.

circulationat spanwisestation

Cv ohordat spamles station ~
.

arv Sp90tfiC10CA1~eCt ?XLtiO(b/O.J)

LA(q,?j)
LA(V)li) ) influencefuqotion

Bv,n;B*v,n;B*v;.-
1 .. . .. ..

bv,n;bv,v ;h*v,n;
b~;b%, u;~,n;

1

functionsused in mathematicaldevelopment “ ‘

&qJ;

7

,n;gv~~;
t;ti(t ;K J

. .
. . .

function U&i in mathematla soluti& -



IEWRYXMO?? Q@’WINGSIRW5TIG4ZED.,. ,
The fivewingsto whichthe methodshAvobeen appliedwore

producedby sweping thowing panelsfroman existingair@ane to -
fivo anglesof sweep. Each wi~’ thenconsistedof a centersestion,
the two mein pemle, end the two“tip~Cti~s, Tho ai~oil sccthne
of the root and tip were ~erated by directcxtsneim of tho surface
of the panels. The geomct.ricchmxwberlsti~eof the wingsere ae
follows: ,.

,

‘A .h,. ‘ (eff%tim ] s

-45.2° “0.376 2.99 335.5 ft2
+9.6° ,405 4.45 282.3fta

● 9° .542 4.47 201,8 fta
31. (Y .442 4.66 ?M.4 fta

. . 46 ●4O ,4s 3.45 309.5 ft=
,.

h all applicatime presentedhereinit was amuncd thatall.
sectionlifkurvo S1OPCSworo 0.103pa degixm, the avor~ value
of thiepe.ramotorfor the soctionsat tho ende of tho unsweptwing
p~~l. Actti~i the 10IA. section SIOpO v~i~d fromroot to tip;
however,becausoof ths nsturoof tho eoct~onsgonerdod by
exton~ thd wing panels,exactvaluesof thisfunctioncouldnot
be do’mtined. Corroctime to the theozwtical.mothodeto account
for eucha varlatlm were cmittodfrom the com~utations,although
tie effectsof suchan omissionexe discussedlater.

‘I!hcloadingcm “awing canbe separated.intotho bash loadln~
(thatezietingat zero over%d.1.lift)which ie a functionof twiet,
camber,flap bfloction,and plan fore;~d addltio@ loading,
which is a runctionof plan fozm and angleOf attwk. ~or PW3?os9s.
of enalyelsin thisreport,attentionhas been directedsolo~
toward the additional10sW. Tho wingsqxparhontslly.invostfi~ted

~o agreewith ‘be def$nitim of sweepused in the the&otical
methodsof spanloadingprodicticm,sweephse been lwforredto
tho sweepof tho line $oiningtho quarter-chordpointsat root
end tip..-”. ‘“”l ‘;- ““ “.” ““”

... . ..—

.
.
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mm ossontiallydevoidof any csmboror twist. ~= midoncc of
bc.sicload2nGshownby e~eri?aontwas rcnovadfrom the lcndl.ng
CU17VOSused m. a basis Of CC.Q6Xtf3~..Thus,for purpoms of cn&Q31s,
the wing wcs roplccodby’a ‘flatplateend localsnglesof attack
becomesyn-ous with ovor+iLlcnglesa? attack.” Tim chE??~=tJu-
ist~csof ui~s huvlngc.mberor twistthtivcriationof whichis
free frcm dlscontinuities,howaver,couldba dotormtnodoqu?.11:{
WOllby any & themet?hodsshply by” ysing the .ti’uelocslan@e ~
of atte,ck(msmecsurodfrm tho engleof zerolift)at e.nchpoint
considered. Furtherdiscussionof thispnoblemis givenin #o
.eppandfns.

PRcKmuR19

All methodsdescribedhereincre cxtens~oneof.s+hplifhd
~ theO~ cnd SO arc subjsctto the _ &s8w@iOn8 ● -

1. The fltdd is.+hcmprcssibh.

2. The flow is potonticl.

39 me circulationis such &et, efterIfutte-JcmkwskI,the
sts@la.tionpetit Gccursat the &ailing O* of the ai.rfoll.

4. The ti~ is roprosentedby a thi??vortexsheetin the chcnd
pk10 he.- c @en fOYTUidenticd to the ~ pti fOI?EIc

5. All verticnldisplecacntscan h. ignored. Thismcena,
for Instance, &t (c.)when cenberZs lntrcduc~d,We cho-%wise
EU3@~ =lati= IS conslderodbut not the chordwisoVorticd
displacement;(b)when angloof ettickIs consideredad vertical
chcrdwisedispkcments arc ccnefdered;end (o] tie trailingvcwtax.
shootlies elwcysin the sonchorizcntd planem tk wing. This
U3SUElptiORS&iCtiy”lilllitsth Cnd~Sh5 ta uncm.bcnmdtiTl@&t
zeroen@m M attack;suchlinitc.ticm, howmor, cm. bc ncdo?=tdy
oxcecded.

In ropLm ing MO wi~ by a vortexshoot,tio Glzmngthof ‘t@
vorticftyy ct .cnypoint is rolccted to tlm dlfforontiolprcmuro
@ at thatpetitby

—
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Tho problomof obtafnhg tho loading,or distiibutlcnof 4,
ovortbo wing is thusm~solmd intothatof obtainingthe strength
of Torticity 7 within the plun tom. The ConizrolOcndition’which
is mforcod to obtainthe dlstrlbytionof y is thatno flow can
oocurthough the vortlcity abet, “orin otierwords,t’listtho
downws.ehproducedby the vmtioity is proportionaltc tie slopeof
the sheetat any pointwithinIts limits. The dstarminationof 7
WOUM bo ommt if tts distributionwore consfderodcontinuousend
If &o foregolngconditim were enfoycedat ma infinitammnborti
points, Such an exactdetermination1s ~ractical.;consoquontly,
simplifyingapproximmthnsmust bo iniamd~ed. The simpliff.cati~ma
generallyused am &oso & :(1) ooncentratin,gor restrictingtho
continuousvortioi~ chordwisoand/orspanwlsoin order to make
we bb~imtim d its distr?.b~t~on~=bl~ to m~~~~tic~
treatment;aud (2) reprosenti~the dlstrlbuthnof vorticltyor ““
of circulathnby a matksmaticalexprosshn,_ a scrlou,
oontaintnga flnitonumberof unlmownooefficionimwEeroan inflnito
numberare @noreJLy requiredfor aactness; and (3)llmitlngt.hu
numberof mntrol pointsat whichthe condition.ofno f~ow through
the sheetis satisfted. ~o differetioesin the ~bW3 lilOthOdGi.
develupd for predictingtho distributionof vorticity mlso,

thoroforc,from (1) themsnnerof concentrati~or vustrlctdngt@
voqtlcity;(2) tho difforenms In.&o fmm of tbomatbomatfoal
oqnmsslons used to describetho vorticitydlstributlcm;and

●

✍✍

:.

.

..-
—

. ..

(3) tie
Erocise

choicoIn numberand locdthn of tko controlpoints“ad tho
mathomatic&lprooedureused to obtatns solution.

%:

a

TkM3.mlhlor Method

‘Ihowing is firstconsideredas a continuousshootof
vortlcItywhoso strcmgthdistzzibuticnIs “oqmossodby tho doublo

.-
..

series:
. . .,<

. .—

. ..
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Evs,luatlon of
kg mannerby

.
l.1

the unknowns ~,n is porformd in tho follw

1.

2.

3.

4.

59

Concontmtingtha vortloityboth chordvlseand spanulse
Intoa systemti @L flnltohorseshoevortices(fig.l(a)}

Expressingthe circulation of these Vorticosin trims
of the unknownsin equation(1) (~ndix A)

Summing et a numberof oontrolpointson &o wing W
dcwnwashproducedby all the vortfcesof the sub~ect
systemand ccmputodby moms of the BloH&?art law

Equetf~ the downwaeh-@n@e thlXl““detollllinedto tb ~OpO
Of tho pktO at ti080pO@tS therebyfO~i~ r3~UatiOZM

lnvolvlngtho unknowncoofficfonts

SolvingthesoequationssimultmwXlslyto evsluatotho
COOffiCiOlltS~,n

Substitutionof thosevaluesin oquqtlon(1)givesthe dosirod
e~rossion for the 1- distribution.

The HutterperlM9thod .

Mutterperlconsideredonly spanwisedistribution al?vortfoity.
In suchan approachthe chordwisedistifbutlonof vortlcltyis
concentratedintothe circulationof a liftingline. (Seefig. l(b).) -
The distributfcmOf thiS Circuktion d- the lths iS thenrOPm
sentedby theFourierseries

r = 43C%0 sin a ?

L
a-z sin (2n+l)~ (2)

n=O .
..—

The unknownsto be evaluated.to obtainthe distributionof r
are the coefflcients a~+l. The downwashproducedat pointson
the wtnaby the liftlng.line and its trafllnsvortexsystemcan be
express=d‘in termsof
law to this equatton.
for &wnwELshangleto
pointsproducesa set
Simultaneoussolution

theseunlmownsby applicationof the B20i%Savati
(sesap~ndfx B.) Equatiugwe e~~si~
the slopesof libmean camberlinesat these
ofequationstilchcontiin- -~ Sen+l;
of theseequationsevaluatesthe coefficients.

-
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The Wei8s@er &th&

Frcm extenshns of the Multbcpprocedures,”Welsstngerdevelopsd
.twomethodsof obtainingspanloading,Me based on lifthg surface _
concepts,the otheron liftlngline. The llfttigsurfacemethod,however,
amountedto littlemore thana subGtltutionof tho themetioal
additionalchordwiseloading,zmpresentedby y = constantX V cot ~,
for the cmcentzzat@load.of.the lfitin~linemethod. Acoordirg
to Weissingerthe surfacemethodprovedtc be considoreiblylonger,
and.gave resultswith.an accuracyonlyslightlysuperior,to thosod
the linemethod. Fcr thisreason,only“the@ttep is.dsscrib.ad
herein.

.. .

As in theMutterperlmethod,the continuouscbordwlsedistri-
but~on’of vorticityis Conc&ritzratiiinto-‘thecirculationof a
lifthg line. (Seefigurel(c),.) Tim distributioncf thiscircula- ‘
tion is then ~ecifled by

43 a---

The circulation??(~)is representednondimensionellyas G(?)
in thisexpressionand the unknownsto be ewluatedare ~, the
circulationsat specifiedlocatlonaaiongthe line. Tba downwssh
producedat 2oMw withintie plan fom by the Ititlngline and
its trai15.ngvortexsystwncm be expreemed In tams of these
unlomwnsthrough’qppllcationof tkeBlot-sewartlaw to equation(3).
(SeeappendixC,) Equatingthe exyressi,onafo~ down-washangleso
obtafnedto the slbpesof theme~ camb~rlinesat thesepoints
resultsin a set of equstionswith unknowns ~. Simultaneous
solutionof Wwse equationseval.uatasthe unknowns.

EmmmmmL DATA

Pressuredatawwre takenat a tunnelspeedof go milesper
~hour tiaichcorrespondsto a Reynoldsmmber of approxhateQ
9,000,000.Data were talamoveran angle-of-attackrange-3° to
go. Plots of the chordwisedis’mi3utionof IUWssureccof’fIcient
p =(~o) /q at.severalspanwisesta.tionawere w,wn ~d, tntegmted.
to o?jtal~tie.100alMft at thesestations. !MeseValuesOf lokl.
llft were thenplottedagainstangle&. attack,and W resulting

--

-.

-:
?

. .

. =

.

.._.

-----

*.
.

,-— b“-

looel lifb-curve slopeswere used to obtaintie curws of the spanwise ~ -..- -
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distributionof addltioml lmd and of .addltionellift coefflchnt
shownherein. The mazlmm errorh any localllftiurvo slopees
the resultof sc~ttor,etc., is estimted to be O.CM? per degree.
Such m. errarwould producea veriatlm of the distrlbutlcmc-arms
of dmut on&haM to on~third tie mgnitude of the discrepancy
betweentie theoroticeM.ycaup’~ted&ml ‘thoexper-ntell-yob+ainod
curves.

Campzmble spmwtse distributionsof the lomdlngcoefi’lclent
~2c#%cav ES calculatedb~ the threemethodsend as detominod
from the ex~rimsntd surveysare presentedtn.fIgl.um2. Similar
prasentationeof localIlft coqfftctentc@L are prosentodin
figure3. ma them?eticaIly~odi.ctecl~UCB d? Mft-curv-osLope
dCL/dm and spanwtiecater of pressureposlti.onfor tie dlfforent
wingsare presentedin tablo1.

lhm figures.2 and 3‘ I,t le a~ont that all thn thoorctfcsl .
methods”tend to predict’hlghr loadingsat tho centerend lower
l.oadig &t the tlF W were mcasurod. & gonsral,the Rdkaer
methoderrsless in thisrespectthan do the others. Muttorperl
distributionrepremntatloqsfor tho swpptiaclcand unsweptwings
are onlyslightlylessaccuratethen thoseof I?ellmor.On the.
ot!.!.erhand,for”the swqk-fozzti wings the Muttorporldistribu-
tlm degmrtodfraa the experimentaldistributionsto the.oxtont
that theymust be consideredunusable. we~sszr distrib~ti~
represents.tionswere eq~- accuratatar ewepf#backend swept+
forward.wings. The-avezngeaccuracyfor thismethodwm only”
sll@tiy le8s ~ that af tie I’allmermcthodi

h regardto thoCenter of pressure-positionand liftiurve
S1OP, the closestpredictionsin all inetsncoswere threemde by
the Falknormethod. lEheMutterporlmethod,in the rangeIn which
ita epplhationspmy be considerd usable,wee also quiteacmrate.
Tho Weiselngermetlmigave go@ m@r_of~ssure podtions in all
illStSIII%Sand 8CCUC&teti~s of ~f~=~ s~Ws ~ ~ i~~c~
exc~ptfor th~ +45° swept*.

Tho time studiesof the calculationsindicctethat‘Jm Fdlmcr
methodtakesfrm 2h to ~ hours. ‘IImgreaterpart of this t-,
16 to 20 hours,Is cmsumd in detomlning the valuesof the down-
wash factor F for tlm clifforentvmiicos. The nm~or part of the
mmindor is neododfm the solutionof the simultaneouseq.uathne,
which oftan proveto be ill contitlmod. ThO Muttwporl method -

-.

—

#
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W&s frcm 20 to 28. hm.rrs,the @eater part of the tizzebei~
consumedin we S@son rule integrationof the factors.~e!.to P’s~.
The Weissingermethodusing m = M = ‘[, -S Ody ~ to 3 hourg~
In whichthereis no phase thatconsumes”ti outstandhgemmnt of

.

time. ;

It has been statedpreviouslythatthe sectionl:ftiwve
slope CZa of all sectionson all fivew@s was assunedto be
0.1030per defyee. The tbic~ess“mr?.ati~sfrcmroot to tip,
however,indicatetkatvariationsin cla probablyexistfor cash - “
wi~ . Unfortunately,the distortionsof the sectionsresulting
from themannerin which the wingswezw cone”t~tedprecludean
exactdetiermlnathnti what tie variationmightbe for all but the
unsweptwing. For this reason,the readilyapplicablecorrection
to theory(se@appendixes)for a variationfn cza was not .
includedin the comptitatlons.While thiscmrection would
account.at leastIn part Zor the aforementioneddiscrepancylea
~betweentbeoretimland eqx@mental >osdingdiwbrlbutions,it
shouldnot alterthe relativeevd.uattonof the threemethods.

In consideringthe threemethds-it shouldbe notedthatt~
— .--o-

f them,thoseof Weissin@r and b!utte~erl,have identicalaer~
@ic appr~hes and differonly.in themathematicalproce~ure.
It wouldbe expeozd, tberefore, if no comprmaiseweremade In the
mathematicalaccuracy(i.e.,if a lar~ nmber of te~s wereused

“--

In the sertes}, identicalresultsa be o%tained.Further,if
.-.

etillarlimitationswere tiprassedupon the,.twomethodsit might
wellbe assumedthat.%suitsof acm.rpaiiebloacc~y vouldbe

v

obtained. The failureof theMutterperlmethodto predict
aoceptab~eloadingson the swept-#o~rwez@VIMS is bexpl?.cable on
theee grounds and, as .a restit, met be attributedto an lnconsist-

.

enoy introducedin themathematicaldevelopment.An additional
advantageof theWetsslrpr methodis that it lendsItselfto the
pretabulaticnti a nw.uberd constantswhichare applicableto the
solutionfor allyplan form. It is becauseuf this thattheWeissinger
m&thodprovedless time consumingthanthat of Mutterperltiich
cannotbe handledin tilemanner. ~n general,‘&en,It is apparent - ‘--
that theWeissingermethodoffersseveral advantqpa over the
Mutterpml method,which,Imever, stern entirelyfrm “themathematf.cal
phaqe of the solution. Insofaras the aer@mamlo conceptsare m
ooncernedneither method ehouJdbe qppoted to be superior,



The Fal?mcrmethodoffer~ a definiteaero@amlo advan~ in
thattho w?.ngis represmtod by a liftingsurfaceratherthana
liftingline● Fhmm.aconsiderationcf only we epcnwisedistribu- “
tion of loading,the timerequtredto use the Falkncrmethodappears
excessivewhen tho veryminor Improvementin accuracyis roco~tzad.
However,ff surf~e loadi~ or ohordwlselmadtngwe= &sired, the
methodwouldundoubtedlyshowmarkedsuperiority.

. .
The relatively

longperiodof t+herequiredto obtaina solutionby Iiblsmethod
Is in greatmeasurea resultof the large number of purelymechanical
functionsinhorontin I@ method. It can be eqmctod that such
processesSYW amenableto kandlingby mechanicalmoans if sufficient

.-

use Is to bo mado of themethod to warranttholrconstruction.One
suchaid of rehtively simplefomc has be.gnappliedin otlmrspnn-
loadingcomputationsusingtheFa.lknermsthodand resultedin cutting
the computingtimeby 30 percentwith no serious 10SB in cccurc,cy.
It consistedcd?cmstructingu lorge-scalocontourchartof tho _
wash f’ieldaroundm horseshoevortoxand usingthis tn con~unct~on
with an zpproprlatolyscaleddrawingaf tho wing to road dlroctly .

the downwa.shat the variouscontrolpo~lnts.
●

A furtheradvantageof the F~.cr method ovor the llft~llm
methodscan bo scon in tho fncroaeedfloxibi.lityrosultinSfrcm thu
SYS- of finitovorticeswhichpezmdtap@ication of thismethodto
a varlotyC& plea formebeyondthe scopo of the othormethodsthe

w liftlmgline~tto~ and control~ointpositionsof Wh~Chare
felrl.yrigidlyspecZiod. In thieregard,Felknerhas successfully
appliedtho methodto a pterodactylwing and to e ti.ngwith a

* palxibolic0.2> Mm. . It shouldho rmo@mred, homvor, that
shouldthe pti fcm bo of such c nctuzz as to roqulroa modifica-
tion of the vortexl.c.ttico,the work involvedwtll bo considerably
increased.

comLusIOB .

Fran the resultsof the stiJectinvestigationthe following
conclustms ha,vobeen drawn:

1. Wncrean over+.1.lstudyGf the effectsof sweepaad ph
fOm on span lcladblg,llft-curveslope,etc., is doqircdand
uherogoodaccuracyis dosirecifor minimumeffort,thu Woissl~r

-method.is mst Umf U1..

.

----
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utmostaccuracy is import.~to% at & ““expensoof considercblo
ccunputingeffort,the FmllmermethodshG@d be used. -.

3. The Mutterpml methodofferedno adm~s ove~ the other
motho~seither.in termsof accuruy or facility.

—

Amos Amonautics,l~borato~, .,
Na.tion.dAdvisoryCcmudtteefor Afironautics,

Moffett3?icldjCaliS. .
,

.
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APPENDIXA.” ImmNEm nlFoRMmKm Alm coMPuTmGPwmrmlB

Selectionof theVortexPattern

Thf3re-tive strengthof the circulationof the
network,as expressedh ‘Ems of the unknowns-in
equation(1),dependsupm the vortexpatternand
seriesonly,not uponwing shape. Tablesof such
can be set up for use with any specifiedpattern.
basis of his applications,selectedtbspatternof
shown in figurel(a) as suiteblefor most wings.
reco~ized that otherpatternqml@t producemore

the series
the termsin the”
circulations
Fallmer,on the
64 vortlce8
While it is
accurateresults

in particularins~ce8, the adventagasof tiis~x Patt~~
in refi~c~gtie c~u~ti~ nrk ~“ greatmd @rice it wss
used for all applicationsincluded.keretn.

.“

Llmitat$onsof the Series

TIISnumberof terms in equation(1)requiredto obtaina good
a.ppi%=~thn of the load distributiondependson the rapidZtywith

.-

which the seriesconvergesfor each applicathn. For the calculation
of symetiical loading,Fa.lkarconcludedthata minimm of three
chordwiseand threespanti.sete~nns(nineunknowns)shouldbe ueed
for all sweptwings,whilea mfnm of twc epanwiseand threechord-
wise terms(sixunkmwns} shouldbe usedfor strai@t wings.

It shouldbe recognizedthat,as it is @ven, this series
will not conver~ when ,attemptingto a~roxhste a surfaceloading
whare disconttiuitiesexistsuchas “thoseresultingfrm pe@ia.1
spanflaps. A sli@t modificationto the series,however,will
enable it to approximatet@ loadingwhere sucha iitscontinuity
occurs, l?’al.kerhas determinedthe necessarymodification
investigationof wings with flapsand ailercmedeflected.

Determinationof Circulationof NetworkVortices

in his

Once the vortexpatteraand numberof tams h the basfc
serieshavebeen established,the circulationof the vorticesas
expressedin termsof the unlgmwnsIn equation(1) can be &termined
by replacZng the continuousvorticity chordwiseand ~panwiseof
equation(1)with the concontrate~steppedloadlngof the lattice.

.
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The chordwiseconcentrationof the load is.detezminedbythe
conditionthat,at potitslocatedmidwaybetwwn the loads(at
one-qua.rtcr,one-half,and thrcm-quar’kmchord),tie downwash
produced.tythe four chordwiseloads rv be tho sameas wouldbe
producedby the continuouschordwiseloadingin two-dimerm!lonel
flow,and the limitationthatthe sum of the isolatedloadQbe
equalto the integralof the continuous,@ad.

When only the firstterm in the ohordwiseseriescd?equation
(1) is considered, - .., .,

n.()

(Al)

or, sinceonly chordwiseloadingis belng oonsidend, all factors.
whichare not a functionof the chordwisevarle.blo8 cau be put
intoa constant A where

then

.
(A2)”

(A3)

Then it can’ be shownthat if the.fbw is cG?2sideredtm dimensicmd
the.downwushangleat any’pointslongthe chordis

.—

and

(A4)

,---

.-

--

.

*
--- -

.

.
.-

1
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me follti.ng

rl,A +

m,:.

whore equation(a)

four Uql.lathnsmay tberofGro be Obttinod:

r 2,A +

- Erz,k

+ ~2,A

+ !32,A

equates the integml of tho ContimlotiloGdlng

(b) , (C), and (d) CqU2t0 thO dawnwaahat-tb thl?oepiVOtd pOilltS
ES producedby the continuousloadinGto @at.praducodby tho four
LX* of rv. A slfi-@~~
Incremmts of ciroulatim uf
equivalentto tbe conttnucms
equethn (1).

A Stii~ 60hltiGDVh(3n

7

whom “

solution of tama Cqlati 0“s gives MO
tk four chord-wisevorticosW.ichm
loadingzwprasontedby tom 1 of

-(A6) - -

,.

gives‘ho clrculalzhn-lncromentdistz”ibutiGnwblcb is oquivelent “
to the continuouslosdingoxprosmd by the,secondchordwim term

. of equation(1),s.ndSO forth.

.—

.-
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The circulation=of

r,V

or if ..-

mxm HO. 1h76

a specificvortexmay thenbe expre~sedby -

(A8}= rv~ + rvfi+~vx ...

.

rvd = A~~V~ ~ ‘VJJ = EVYGV3 ? ~v,c= ‘GVjc“

rV = AVfiv$. (A9)+ BVGV3 + VWGV,C ~.●

The Wbstitutionintothiseq~tton of the valuesof A, B, etc.,
introducesthe s~wise variable q.

r~,7= %Sv.tan a@j-~ [Gv~ (%,0 + q *,I + ~ %,e.:.) ““-

+Gv~ (al,~+~a~,l +ij2a~$E + .,.)

+ Q,c (a2,0+ T a~,l + y ZI.2;2 +, .. . . ) .—

.==1
.+ (No)

Since the circulationof speclflchdrseshoevorticesis now
bei~ considered,the circulationno longer varies continuously
alongthe spanbut remainsconstanttbrou@out the length~f the
boundedlines. ‘5is Is equivalentto the assumptionthat the
continuousload.i~is steppedat intervalsequalto the len@b
of thehoundedlinesof thenetworkvortices. Qhe continuous
variable ~ of equation(1) or equation@lO) is thei=f~re replaced

h a new equaticmby spec’ifiovalues w of ~ which indicatethe
midpointsof theselines. !Rdsnew equationwhtcheqmsses the
circulat~onof -V networkvortexIs then

3The valuenof @J,A GV,B and Gv,c presen~d hy Falknerin
ueference1 were foundto be In error. Under the direction
of Mr. ArthurJonestheoevalueswere.reccmprbdat Ames,
and the valuesso obtainedare presenteein tableAl.

-:

.

k-

---

-.

“

.

.

I
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.

r~,u = kv t- a= ‘GV,A (aOSQ+pa ~,1 +p?ao, = + ...)

‘GV,B (al,~+va~,~ +V2 al,=+ ●**)

+ GV,C (a2,0+ ~ a2,1 +p2a + ...
2s2 )

+ ● .* 1 (All)

.
or for a symmtricdly l~ded wing

rV,ll r== %6V t~ a% ~= [~,~!. (ao,o + ~2 ~,Q + ~4 %,4 + ●**)

+ ~V,B (al,o + ~2el,2 + ~4 al,4 + *.. )

4
+%, C (a2,0 +V2 %,2 + IJ %,4 + ● O*

~.

+ . . . 1 (m)

Examlnatim of thisequationw?? showtkt, as has previG’mlybeen
Indica%d, the I$nownpartsof the equaklon v; @,A, Gv,B, etc.,
are independentof

a
shape. The productsof thesefactors

Wn JQ@ GV,AJ P * W,3, kite., have been tabulatedfor use in
any applicationin whichthe ,@#-vortex~ttern is used. (SeetableMT.)

Salecti9nof ControlPoints “

shoe one 8qU&tiO13is fcm.nedEtteaCh pointand sincethere .

ehauldbe the _ nvmtmrof equattonsas thereare unluowns,the
totalnuuberof pointsSebcted is determinedby th9 total numberof

—

unlmownsretalmd in the seriesequation. Further,th3 -wise ~
chordwlse dlsizrtbutlcmof cant~olpo”mtsmust COrrSspmd to the
numberof spanwiseand chordwisetermsretdned in the series. The
locationsof the pointschordwise-andspenwtseare llmitedto gosi-
tionsmidwaybstw~n or on the centerline of the vortices. Aside

,-

fian thesellmltations,the exactchotceof lccationrmuainsa rotter
of expmience. Fallmerfoundthat for a oalculation of symmetrical
1- the arrangemmt yresentedIn fi~ 1(a) resul-%din good
ewxracy for -s with sweap. Thls arre~mant has been Iuai!In
all.the cslhmlatlonspresentedherein.

..-

.-
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Determinationof the Dowmiash
,.. r

The downwash producod by a simplehor~eshoevortex~ circ~
tlon I’ is expressedby (reference1)

—F
;= 4fl;V v

. . .
(A.13)

wlmre .-. —

F . +(.
j#)2 + (r +1)2 X= J’(X*)2+ (P-1)2 (A14)’ - -

@(y*+l) X*(+1)

The downwashproducedby ,anetworkvortexis then
(A13),and (A14),

frcxuequatkm (#XL>

+ GV,B (al,o + P

[&,A (%,0 + ~ %,1

al,l+ ...)“

.,, )

+ @,c (a2,0 + w a2,1 + ...)
.

+ ...]F

.

or for a symmetricalwing

‘al,z + ...)+ Gv,B (al,o + V

= %9C (a2,0 + P2 a2,2 + . . . )

-.

.

+ . ..] 3’
. (AL6)

●

The coordinatesx*, y+, and consequentlythe factor F cen be
determinedreadilyfromwing geqne~. In thisro~d, plotsOf the
functicm F vereus X* from O to 20 havebeeh preparedat values
of @$ =0,2,4,6 ... 40; howeverbecauseof theirsize theso

—
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chartsas suchham not been fnoludedin the report,but the tab~
datanecessaryfor theirconstruotlmare givenin tablsAIII. In
addition,exemindion of (A14)till revealthat if @ is constsnt

F(-H)=F1+F2 -R(H) (U7)

where FL + Fz is a furiotionof y+ only

2 2“F1+Fa= —-—
y*+l p--l

(K@)

For

Svnmmtlonof the dowuwashat -V controlpointuow resultsin
~ O~SSIm oOnta~ the unlmowns ~ ~ ti tkir n~mri~

‘ coefficien.tswhich~ ~oduots of the tafifitedvalues pn#-@,
G}IA, GV “,GV , and F, Zn Wls regardit shouldbe notedthat:a
tti Surmn#lons~for a s-pmtria (aboutrcot ohord)wing,the down-
wash factws 1! for s.pmtricallylooatedvorticesmay be added
togetherpriorto the mul.tipl.ioatlonof thesefaotorsby the olrcula-
tlonsof the vortices,sinoein this.instsnoethe clroulaticmof suah
a pair of vortioestill be itin.tlcal.

SolutXonfor AdditionalLoaMng

To oh-in the additionalloeding,the wing 3s constdere~s flat
“ platethe slopeat whichany point is tan a = ~, 6ubstitutioaof

thisvalue intothe @wnwash e~ssions, as A uctadat the
severalcontrolpoints,resultsin a set df equatims with unknmns
~ .n. Simultaneoussoluttonof thoseeqaattom evaluatestlm
uz&nownswhichcen thenbe introducedIntoaqua.tion(1)to pr~uoe
the deslrade~reesion for-ddit:oml 1-.

If91sfollowlng expressicas oan now bs derivadreadilyfrom
equation(1):

.



into whichthe meff:cionts
the quantitiesindiccted.

solution

~,n, mustbe substitutedti~oht9in

for BasicLoading

.

●

The detezmimtionof -&e Wsfc hiding on n wing with cmbor
end twist can be c.ocamplishedin sievezal.ways. Tbe simplestof tlhese
IS to CdOUbte the total 10&d~n& bc.Eicplus addittCa?~,at S~
finitolift coefficientand then to subtractfrom t@is the addltloml.
loadingFLScalculatedfor thatlift cmfficient. A SOIUtiCUfm -
total10&dir@qI c C.CIUhOred.and tWiStedW@ iS ttintictifi~ mat
of a flat=plate~ up to tlm fcnm.ticnof the simultaneousequations.
For the flat-platewing all Localgeomatilcanglesof =t~k ~rc
Identicalto the’wing goometrio@e of atteck;in ~is insta.ncd
localgoomotrlcalanglmsOf attackare in ad(iltlons funct@n of “

=
.,

the cember.nndtwist.
4
.

H themidwingsectionof the.wing i~ chosonas a refermce .md
set crbitmrily at S- rz@e as, then Elm 1OOSJ-gecmctrtccl
an@s of attik at @e variousconti”dpointscm knownoxxtl.y;

..

hmevor, the a.ngb a of the ~f monce frcm the zerol.ift c.ngloof
the wing is not known. To obtaina solutionundcmthoseclrcaa~.nces “ -
tie vclucstan.al~caland tan ~ arc substitutedfor wfl and
imna, respoctive~v,in tho downwasho~rossione,and a solutionfm? ‘
the cocft’~ciente~“,n h 0b&3nod In whtch,hawevor,W{jsecodf’i-’“
cientswillbe in errorby the factor tan cq’’tanaS. ~ ~ase ~oeffi-
cientscnd tho factor tan a “are then htmducd Into tho. cqmsslcn

for lift Coofficlont,

(i@3)
*

tho lift cooffichnt for tho angloof attack m willbo.obt%’inod,
since&o errorlntroducodby uslr.igaS will.bo IIOWW by tJIOo=or ●

In tho cooffi.cteLts~,~. In other words,tlhcrosaltis tho _
as if tho correctval.ucsof ~,~ azvitan-~ hod boon j,nscrtcdinto
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equation (A23).
V&lues of ~,n

. 25

ShUer~7 introducti~of tezL~ and the incorrwt
intothe fol.lowi~:

(A24)
will result In the valuesof the Or&hates of the total.laadl~
ourvefor tin u Now if a solutionis efxectedfw the additional
loaUng, as previously descrihd, and thb VS.LM of the l.lft-curveslopo
dCL/da thus obtainedfra equation(A@) is dividedIntothe valde-;
of C!L obtainedf’rcmequation(A23), the correctval~ of the wing
@ Qf attack tan a will restit. Xf this valueand the Coeffi-
cients ~,n of the titia Zcadingare thep substitutedinto
eqre sslon (A24),the ordinatesof tm additionalloadingcurvewill
be obtained. Subtractionof thesefra the ozilinatesof the total
loadlngcurvewi~ resuztin the ordinatesof the desiredbasic
loadingcwve .

Coz’rectlonfor SectionLift—Curw slop% .

!Erroughthe general developmzt of the nwthod all sectionhi%
O- slopeswere assumedto be the themetical 2fiper radians
(0.1w6 per deg}. As thisassumptionis not validfor dl sections
the finalexpressionfor mrticity wiJ.1be in error udlessa corre~
tion Is applied. Tf the seczionlifkurve .sbpe is the sameat all
sectionsof ths wing,the error-v be correctedby simplymultl~
ing each coefficient~ n by the ratio of actualsecttonlift-
curveslopeto jJwreticti secticmllft-curm slops. A varying
seotionlift-curveelopecan be acocmmdatedalmostae easily;
howoven,in thiS instmce the correctionmust be introducedinto
equation(1)as a functionof the epanwisevariable ~.

Couyuthlglimtructions . .

The following@tructione a@y to unyawedstrai@t tss.~red
sw8ptwlngewithoutcamberor twist.

!QlsCoordinc.tesfir and p! .relatlngall
controlpolntmto the centersectionleadi~ edge
oalcukted m formA(l) usingthe relations

vorticesend
Ofwewlngars

;
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, ●

(A25)

for the Vmtices, end .. .

y+(. 2Q7 ..

fil = 20 lTjltanA -- “aw - [l-- (LA) Iljl]
(l+A)AR

(A26)

for the. cmtrol points. Since”the wing is .symuetricalX*? will be
the samefor simllwly locatedvor%icsson“eachWiW ~f, ~ tie
valuesof y+t for tha leftwing till be the samaas thosefor the
r~@ wing,althoughof oppositesi~. For this reas~ these-ws
onlyneedbe oompulzxifor pobitivevaluesof ~ or M.

The valuesof x* S@ .@ ralat?.nga controlpointto each of
the vorticesaxe obtaiwd by subtractl.agthe valuesof @ t and
~t of the vortioosfra the=”of the cont~o~point,601m 9 or 3,
formA(1) frana valuein column18 or 12, f$nnnA(l),respectively;
x+ and ~ exe then tabulawd on a formA(2),usinga separate
form for each ccmtrolpoint. It shouldbe notmitit sincethe

.-

coordinates.of tho vort~cesat v = 0.9625 - baSedUPOn a Unft “
Ie@h Yv one-quarterncnnml.size, @~pfor*se
vortl%s are fow tdinmsthe ncrrmal.lycxil.culatedvalues. tistly,by

.

virtueof s-try of plan form,the coordinatesoan be tebuleted
So tkt two val~S yL* - YR* etistf= Ow~ am, “of ‘*”

Thesecoordinatesare now usedto enterchartsof the dtiwash
function F as preparedfrcmthe valuesin tabloA.111.‘lW values
obtainedfor the vorticosat w = 0.9625 should.be multipliedby
fo~. ~ca- of s-try of l-%$ YR ~ EL cm ~ ~ ~
addedtc?gcther.

The simultaneousequationsset up in tab~ form in formA(3)
em now obtulnodas follows: .Consideringth,afirstequationor
column1, the secondnumber tha nuuimic~ coefficientOf ao 0,
iS obtainedby -t iplyi~ ~h.ev%hWs of ~R + F

A
in colwnn?,

formA(2) as detmmined for c~~ol poln~1 “by v@wS. listed
under a. o in tabloAII and smmulngthe products. Similarly,
the thlrd)nutnberin colmn 1, the numericalo=ffioie@ of “QZ o;
1s obtainedby multiplyingtlw valuesin cdmmn “(by the velue~

●



listedumkr al,o In tablsAR and s~ing the product, The process
Is repeatedusing the valueslistedunder a2,0,*,2, etc.,until
the entireequationis obtained.

The second equdlon, colmn 2, fcmmA(3), ~s set up in the same
manner except that tho values In formA(2) as determinedfor a
secondcontrolpointare used. The procedureIs then repeated
untilthe ntie requkrcd.equationsam formed.

!Zlheconstantmunbcrs,rcw 1 of fcmmA(3), arc obtained as
follows : Ztm downwash at control point 1 Is
.

- = 40 ten a X CObDln 1, fOI’111 A(3)
;

or

(=)(*) = COl~ ~, fOHn A(3)

.

Equating ~ to the slopeof the plateskn as
v

~ = 0,0250= COhlDlll1, forlnA(3)

In Mke manner the

o.02~,

The equations

constantsfov the otherequationsare also

are set up in thfsmannerto facilitatetheir

--- ..

solutionby the methodoutlinedin referencek. of the. mtous
methods for solvlnga largenumberof simultaneousequations
whichwre tried,themethodof referoqce4 was foundto he most
rapidand etraightiorwardwhere only stenderdccmputingmachines
were available.

----
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(L)
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Con*m/ Point.- I

x●1=-Z#wosa!yw= o

——.

.

.
.

(2).“ . . ,. NATIOWALAD~ORY,.
cOmmmEEm AERONAUTICS

FORM A:- COMPUTING FORM FOR IYALKNER3 MkTtiOD

.

.

(Und,r.cond ..mbers tme sample calculatmns),

.1



, *

lEquationll 121314151*61718191

.

(3) .
.

FORM A:-

NATIOWL AOVISORY

CONCLUDED commrrrEEFa AEMwncS

.



MBLFiAIs- CHRDWISE FACKRS G FOR VQRTEX
PATTER?VUTILIZIEGFOURCHORDWISEVORTIOES

o.125 I 0.27337 I 0.04902 I 0.07282

.37s
I

●11680
I

● 07598
I

.03823

●625
I

● 06947 I .07598
I

~,03825

.875
.[

.04036
I

● 0$902 I
-.07282

lwl!mmL mvzsmr
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~ F + (Q/x)

p.o

o 2.00ooo

J. 1.goo20

.2 1 .80QO0

.3 1.7M47

.41.61484

.5 1.52786

.61.44603

.71.36954

.81.Q9844

.91.23254
1.0 lJ7153
1.5 .92963
2.0 .’76393
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2.5 .64
3.0
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● ,

p“e @=]
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TABiEAIVSQAUXILIARYIW?CTIOI$Fl+ F= F(IRDETERMINING
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A lift= line used to repqesent”a w3n.g13 placedin z pcmi-
tiO’11COrr06pOti@ tO the q-~hm ~no Of t& ~. ~
distributionof circulationalcmgths.liftingllne is e~rezeed b; ,
Oquatiop,(2). ~-

No ~neralizattoncan be made as to ths mmbor of termswhich
mU3t be retainedin the ~ries to anSLU-SUmptihle Xc W-y.
Mutterperlimpliesth~t fourare sufficlmt end utilizesthisnmbr
h ELl epplicatiom. It dmuld ts rate~thzt all lossinge~redic’%d
by the seriesas it st.e.ndstill.be s~triwil. In ~Xtion,
eqmtfon (2)cannotsatisfactorily.appr~zte a curvecontdnlng
discontinuitiossuchas wouldbo wod.aoedb~ flaps or a’~rons.
Mutterperl m,de no cm.mmt ~ to additionsor clteretfonsto the
serieswhichwouldenablscircuurentlcmof these.Mmltat?.ons.As
r.r.mults whib it is beltmed thnt WA kmdificationscouldbe
included,it is not knownto what extenttheywouldincraa”scthe
ccanplexityof the rr,thematicdevaluation.

Sinceit can bo shownthat in .stheoretfc~dapproachasingc
lifti~ line at the quarte~ord lim, the downm.shcngleat tha
thr~e-qti.+hord linemost cloeelJ.qproxi=tas tho true @o
of attackof the wI=, the ccmtrGlpointswers ~l~~edcl- this
lim . The fiadwrof pointsrequim?dis dictatad&j ths nuuberof
unlmownc-fficiehtcktatned in equatian(3). Tho locationof
thesepointsspxnwiuois f~-ntly wbitrm~; howevar~since
Ituttirperlplacad~m on tha @t wing half et- q = 0.174,0.5M,
0.766,0.5)40(W = 80 , @o, 40 , 20°),thisarw~rwnt has bqon
followedin alJ.applicationspresentadharein.

DL)tazmiactIon of Downwask

.

—

..

.
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-. . .. ... ..—%-.

JdL=
{

(%i+ll)atiii$+++([%”>-&i& - ~L ~#+_)
sin a ,.

11=0

Y
Y+ 1/’”&fh+h A Cos (2n+l)

‘+y”l+~kllA
\

BR(BR o F sc\ )

.

WE&&JwQ
.

(Bl)

Iiquation (EL) gay be zwducedto a simpleexpression, contain-.
im only‘&e unknowns cl~+l and theti.n~rlcal coefficients .
simplyby the introduotlcnet’wing geaMtry and.the geometryof a
Oontrolpoint.“ t3uoha rednctionshouldthe~fore be osmied out
at eaoh of tk points.

Solutionfor AdditionalLoading

Sincefor suoha solutionthe wing is considereda flatplate,
all @metric ~gles cf attackbecome sin a and the ccmsta.nt
factorsin equation(Bl)beccmeone. Simultaneoussolutionof
theseequationsthenevaluatssthe unknowns -1, wlliohare
subsequentlyintroducedintoequation(2) to produoetho desired
e~ression for additionalloadlng..TIM unknownscan alsobe intrc-
duoedIntothe followtnge~~sslons derivedfrcan equation(2), to
obtainthe valuesindicated.

.
●

.

a-

.-
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(Bq

(34)

(Bs)
.

Solutionfor 3asicLoading

As in Falkndr,the basic loadingon a twistidand/orcambered
airfoilcan best be calculatedby determiningthe totaland addi-

1 ti.cmal loading at ems finitelift coefficteqtend subtractingthe
latterfrcm the fo.mer. The procdxres involvedare parallelto
thoseof theFalknermethodas well. An arbitraryangle cf attack
~ can be selectedfor the root sectionof the whg, from which
s3.1local.anglesof at’kckcan be measured. Substitutionof
sin aloc~ for w/V and sin ~ for sin’CL in l%e expresshn (Bl)
will resultin a set of equationswhichmay be solveda+lmulte.wously
for the valuesof the coeffici~te G=+l. .If al and stn as ere
are then intawducedinto the followlng,the correctvalue of the
liftCoefficientfor the wing at the described“attitudea will
result

‘ CL = ‘X%’ sin a (B6)
1+X %.

In addition,if the valuesof a=m+l and sin.- are substituted
ihtothe folkwing, an e.q~tionfor ~ ordinatesof the curve of
totalloadingon “thewing at a results.
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If the values of coefficientsobtainedfor a solutionfor the addi-
tionalloadingare then substitutedintotiisexpression,the addi-

‘ ticnal loading at.
Cu?dinatesof this
give thoseof t?le

this cmaflcieutwiU result. Subtractioncf the
lastfrcm thosea= the totalloadingcurvewill
desiredbasicloadingcurve.

Correctionfor cza

As in tie method of Fa3Jmer,the error
solution by the assumptionthatall section
were % can be readilyeliminated. IY the
not vary acrossthe wing,the coefficients
pltedby tho ratioof actual “CZ. to-2X.

introducedintothe
lift-curveslopes CZa
actual cl. a.oeB

‘kry al&g the span, thh rs.tlo”‘*ouM be included
as a functionof the spanwtsevariable q.

computing znstructlcnE

actual valuedoes
in equs.ticn(s)

.

— .—. —

These instructionsapplyonlyto unyawedwingsdevoidof ember
and/ortwist.

H the localaagleof attack sin a .isintrcdumd into
expression(Bl)in place of the dcwnwashratio w/V,

.-
thisexpres- ●

sicn can be written

f’ .——.
1= (ti+l)am+l(Fz+F2+F~F~‘-3?!F4‘+F#~ ‘~FeFe‘+F7F7:+FaFaf) (B8).““”“ ‘- ::

—

Jr sIn (“%11)~+
k’ COSA sin *

1
-%B “ - .“”

,.
,, “..

(B9)
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.

Computing fem. B(l)
constant-throughout

.

.

is used to oaloulateall.faotorswhichremain
the Sumlatlmrlsfor anY one COntrOlDOillt: *,

BR, AL, BL, s?, C, l?~,F4, F~, Fe, F7, Fe. The computationform
for ‘bhosefaotors,whiohvary with n only throu@out the sumnatf.ona
for any one control petit,is presenw ~ fo~ B(2). C~uting f-
B(3) 1s used to applySimpsonlsrule to the Integrathn of Fst,F41,
F5t, F6fS F7t and Fel. The faotor ~+1, which IS Independentof. “
wing shapeand so can be applledto all wings,vaa calculatedf- @S
rektion

and.is pre-sente~in the f dhwlng table:

n!. I
I&+l :

y

;

o 2.54g28
1 I8.2635w ,
2 8.87752 ;
3 I 6.10976 i

iz
I ’01 ::xq[1I

I
!Q-1.90944 I
‘3 4.63656 !
10

I 3 II
2.33120 I

I 12 -;::;% !

I 13 3.39776 i

I

4 0II 2.oo112[
-1.92340

I 1:1 1.380651

(Blo)

Tbs resultsof the integrationare presentedin formB(3).
Form B(4) is the form in which the components1? are multiplied
to-tier and the resultsam smmed producingfour equations,
one for eaoh contaolpoint. Laetly,the form for the simultaneous
solutionof theseequations(reference9) and the resultingvalues
of the un?mownsare presentedIn formB(5).

.
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(L)

(2) ,
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.“ NATIONAL ~y

,, cOmmiTlE2m AEmMJTw .

rORM B’- COMPUTING FORM FOR” “MuTTE~~RL’5 METHOD .
(Und.t%.wcd numbers ore sample calculdtmms)

m
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.

.

.

.

Cbnttd l%nt- !

I t

9

27

36

45 I

65

.72

&!/

3 0

.6.+3

11.29

X?.71

3ZJM’

+s00 I

51.43 i

57.* I

70.7I

77.14 i

6%s7

(3)

F3RM B’– CONTINUED
NATIONALADVISORY

Conm m AERommcs

.
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FORM B:- CONCLUMD
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p
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Ju’mcoMmCnC~
WEESCIWERMETHOD

b the Gemen reportsavailable,whioh described.thismethod
the mathematicaldevelqment “-wasnot canplete. It was thought

advisablethereforeto includsthe developmentIn the presentpaper.
.

Frcunlifting-llnetheor~the equationof downwashat the on-
quarterchordUne of a strai~t wing is givenby

.,=& J”: X+7 (cl)
. . . . .,

This integrelequationis solved by hlthopp by an integration

formula(reference~),‘

The equationof downwashat any point xy of a straightwing
5s givenby

.0.

Welssenge~dividesthis titegralIntotwo lnte@’als,one of which
is the sameas equation(Cl)whichhe solvesby Multhopp 1s method;
and the otherwhichhe solvesby a methodanala.gousto that of
mlthopp .

,.
The mathematicaldevelopmentis as follows:

With G =@T, q = 2y/b,ij= ~/b, ax = b/cq

and setting x equalto the distanceto the three-quarterchord
line x = c#, the equation(C2)becomes
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.“.: ””.”” “,, . ;.. ,. ,.

.

... .
.-

.

,.
“,’,? .>”:.. ‘... ‘- . ..: .“’:,. ‘ .-, -,.-h “:.:!.f ,....: *::...’, ,... r -y . .. . . .,,.: , , ~:,!::‘. ~

:-a
.—

,, where ‘ --
,.,.. ’.. . . . , : ... -q.“. .. .. , ,.-Y4 ‘.-..TW t., *:.<. ~~a.. :.k ;~.--.: :.~,.,t’.i~f..mq,...

‘....;. ,. ’.’ !., .J i“fV’. ..?. ..:. ..--:. ,, <,.::.. ~ .,,7 -
. .

. “~.+.,. . ‘-. . , ‘J.:”.”.:

... : .,. . . OL&O ~ar(y?j)].,=.-‘1+ ‘2.-:’” !.;7: ::.”.“ (C4)--- ,.-!, ”.r ..: :.” . . . ... .“.. “.... ... .. . .

,.

or ,.:%,..”. -.
.’. .,. b-. .~~v’(c;..

“ L&() (V,I.L]= L[er(coe~.}- COS ~}] = T
q@ - Cos ~)’ -1,,

a~(cos ~ - Cos ~)
., ,, t., , ... .,, ,, ..., .. .

‘“T&first intogm.1of aquatlon(C3) can
of 0.

. . . . .. . . .. :. ,

be~m?fttmi “cs’-a function

WJi ‘.
.m.

(c5i

. . . .. . . . .
.

..Wb.61m.

.’. . ,. ‘., . ., ..,- -. .,...

u%cos~ = cd& = q “
. .

.
. .,.

. ...:. .

. .

An Intograthnfomylaagivoa , ..
.:. . . ..

1“‘/” i(i)ai:’$ ~d%) ‘sini’ “
J--l ,,.. .!.

. . . .
... ,,

... . . . . . .n+.”.“,’”::” : :..... , -i ,, “’:
!, . . . . . . . . . . .. . . . .. . . :}.--.’~~.

(c6)
.-,.

..

whore ~ =-#,, f(%) 1s the vdw d fl~) ,t %. ~
: ,..,:...-h.:,”““-’-“:.” -. .,,.;.

t. i :“’ ‘ ! .’.” “i”,”....:l
. “.” , ..

.

..

.
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I@stion (c6) holdsexactlyif f(~) can beirepresentadby

then

n.1 I.11=1

and the integral In equstckm(C5) bemmea

Now

r Cos y &p.
“o COB q)- Cos Cpo..

((28)

or

.-
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.

.

●so that.equation(C5) becomeiq. : ; ,._ . . . L-.
..

. .
n.1 ~ld

The”U* series,16 indepe@ent of ~ng,.gegge&yand may be put into —

a coc$f’1.oientusablefor

prom equation(C9),

lw,v=

ad for n + v,let
.

auwlngso “ . .

for u=V, let

m
1

I(rn+l)sin~ - ‘zsin2‘z% .
(Clo) ,

Vl”l

Then equation (C5)becmes

.

bv;@v
I

(Note: The
shouldnot

summationprime
be included.)

p >=1

\

-T‘W,n%
n.1

indicatesthatthe temn of n = V

((m)
. --

. —

(C12)

,. I@ression (C12)givesthe.Znducedaigl~ of attackon tie on-
quater-obordline,at the span stattti v“;”in termsof the summation
of n spanwise values of the dimensionlesscirculation.

.,. . . . . ..”. -. -.. .-— ----—-.... .. . .

.

.

— .

B
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or

2(00sx—l)

111+1‘W,V = 4 sinW

bv.n= :
ainq%

00s~)= [.
(00sq~ -

Tha secondIntegral of the integral equation(C3) cm

.

Is solvedin an analogous faslllgn.

IA(~,iI)G’(V)dT

r

whsre

The Imt.agrattonformula

]fif(,}m = &[
o

.,

gives

f(qlJ+f(~+l)
2

“.. .,.

w = ~ “’-”
... .

(C13).

(C14)

. ,.

.’, .

-—
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●

Dlme~slonlesscirculationIsgiven by

.

or
—

,

Letting . -., .
.. —

then

f

—

Gr(q)= h fn(~}
..
.

n=l .. ,.
Expression(C15) nW be mcdifiedso that *

.

~enapp~ing equation(c16), &
L

“ALA(~,v)G*(T)dT
m M

L

LA(V.o)](fu) [LA(V,~+l) ](fm,M+.

u-. .
}

.
1a-— J%l + LA(@fn,P2Yt~ M+l 2_ p. -.:

‘z%i%{[LA(v’O)](fn”O)+[LY’M+l’](+&@~~fnJJ :;
n=l =

.’



.

● For simplicity
equation(C17) for

“Thenif

‘kg “

let fn,w = f (~)

$

‘tierefn(~) is from.~/:

Q=lll “W +1.. .,

‘vi = - a(fi~i){[?.JA(~+J]1(fII. o)+[TIA(v,M+l) ](fn.Mia).+
2“ t

LA(v~~)fn,~1~=1.-,.....’. .#.. ,. (c18)

eqmesslon (C15) becomes

m

“W.

;

WV,n , (Clg)
. .

n= . . :.~.-,.e

Tbe solution of equatlmn (C3) is two times equation(C12)plus
all tlmee;equa%ion(Clg)or ........- ..4

. .

. . .. . . . . . .. .. . .-
. ..-. .

?
‘2%J,V%J +~.V,V%+~’mV.v,n %1-2

mt
.

T
b~,n%l

:%. ..- . . .J
nrnl .”.” ,U=l ‘

sc.that”” . .“ ., ‘. ,..“.

,“
?

.-

~ = (2bv, v + arv w,v) ChJ -
v

~“’(*,+ U, “*,n) ~ ‘
.. . .

:..’. n=l ..... .. .

or

K1
..-. f:= b~ ~.- ~ .b~,n~ ..

... “.- n~l.’””..
(C2Q)

,“ . .

. ,.
.
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.“
b*V= fiV)V + =V8V, V

b“v ,n a 2byn _ ~V gV,n

The prlmdon the summationIndti%,s .5zhatthe tim .Of n = v

(C21)

shcn.dd.not be

Equating

adiled into It.
.

the downwashto the localangle of attackof the platn,

.

Fm a sweptw$ng the equation of bwmmsh at any chordtise ,
point for y >0 is givenby . --

—

.
The first tnteqe3 is the downw@ due to the trailingvortex

shmt and the last two Integralsrepref3entthe VQlocityinduoed
by the li~tlngline. BY integratingtie last two integralsby
partsand rearrangingIntodtiensiozalessquantities,the procd.ing
integrals‘haybe put “ina form similarto equation(C3) .

.-

.-

(c24)

(Note that in tho fcild.owi~ equation (C25) the squaresuntir tie Soomid ~
radical of L (~,~) for Tj<0 om sumod. h reforoncm3 these

%wwo erroneousy shownas a %.ffezwnce:)
-.

.

●

✎ ,. .
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1
, # 8

13.dforlj~o

m

1!
El

(C2S) f

IBquation (CQ4) with LA(q,~ as given by equation(C25) ie for y~O end HKU give

vd.uee for only tie posltiva span staticms. I?arvalwa wliia y< 0, eqwesshne aimiler to

equations (C23) ml (CL%I)met be derived.PtIlueEof LA(qj~) ‘m needed for y<O H au

unsymwtrhal wing iO to analyzed..

EquatiCm (C25)’ Wiia q = 00s ql~ and ~ = cm C@, sndarat spsnstatlonvss erv
for CosTV ~o blmmlml,far 00sW ~o,

LA(V,IL) =
J[l+fq tan (cm qlv - Iooe m l)] =+ (4’( Ooa Qv - 00s TU)2 -1

arj “(00s qq - ooB..qJ “,

..“

.

. . .-. .



Equeittonsfor determiningG ~ at spanvlsepointsof
~-coO ~ for any wing~“ therefbrebe detemined from

“.
e]uation(C20). t“ , .

. .

Summarizingthe ccmputati.tie,the relatioriequatingtlownwasb
to the locelslopeof theplate”at m poltitsalongthe spangiving
m equationswith m unknowns,.CPq Is

-tb2=

b*V E

b*V,n

Cos ~

!av,~ + ar~
1.

= 2bv,n - az’v

m+lbV,V = 4 sin ?V

.

13v,v

‘V,n
,.. .

,.
,“.,

%1,v = %@:??
. .

. .

. .

n=vt
.,

[a~
M

v,o)(~o ) +.LA(v,M+l)*
~ LyL(V~X)fn,w. .,.....%. 2 “ :L.- 1

. . . pl

LA(V,I.L),for a.sweptwing, see eq~tiw (C~G).
.“..

... ”
,..

.

.-
.

.~

... ‘.
... .

,., . .
1

p,

. . . .

-“,

.“
...1
.4

#

., .;,

.

.

..

.

.

,
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& Cos LLl;%

.. .... ... ...
.. ..,.

,.. . .

.,..’ . .

.. .

. . .
.-

.
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. .. .
,..

:

,.

.

The ccmqyatationsrequ:redin @e p~cetLhg groupof equatioms
mW be sbupl-fliedif such values ~ tW v b~,n fcr VariOUSmfs, .
and fn,w for varlousmts end Mts am hbulated. men a sOlutlon
for any wing conststaof a substttuticnof wing gecmetryintathe
LA(VP ) functfon,equation(C!k)or equation(C2~),and a combination
of the tabulatedcoefficientsto obtatn m shwl.tansousequations
With m unbmnls ~. .. ..

The computatlonefor a symmetricallyloadedtingmsy be atlll
furtherseducedb~ an altamattonto the p=ceding equat:one and
coefficients.Fm a symmetricalwlagwith or withoutcamberend,,,
twist,the dlstmibutionof 100alangleof attachIISsymmetrical“ “
ahout the centerof the ui~. or “ .

av + ~+=”_v
2

=a v .

then ..
.

%= %+1- r ..

,.
.-

‘ ..
. . ,. . . ,.

~ goes from 1 to ‘4
.’ 2-.

n goes .frmn1 -@ m .-
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TIM s-tlon ‘tams oam be wrtttensuohthat n fran 1 to m
beccmes n + m+l~ frca 1 to ~, and u frm 1 to M bec,$qes

w+ M+l+frcmlto$#. (Forthecases n=% and w=%”’

the coefficientsare e~~ssed as theirformermlues as will IIe

seendirectly.)

Now if equation(C20) Is expressed t=s

?Y-
L%=(b%V,p+ b*V,bl+kV) %- “ ‘ i(b%,n + b*v,m+l-n)‘P

n.1

Where

v = 1,2, lag

Then”

where
.

These coefficients may al.sobe e~ms-d ELS

(c28)

.

.

.

(C29)

.

(C30)



... . . . . - . . . . ... ... ...
#

.,

To find ~,n mmaid.or the expresaica for q ~
J

1 [@,o)](fn,o) + [LA(WM+l)](f~,~+l)

%,n
=-—.

2(M+1) 2
+: L*(V,M+l) fn,p

Id

----
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where as 12ef ore

(m)

n=~ .

L-I
v 1=1

examtnatlon of equation(c32)till inalcate thglt for ..

,.!

-1

“- \

for n+% ....

have valuesonlyfor even
so that these”termsequal

vlj but for even PI, fn,w = - fm+l~,w
zero.

,, ...

Then equation (C31) becmes; for n # ‘~,

I&l

y“”
f
..

LA(v, v) ‘*,}L = ,
L

[%,v

V=l - @l

+ (fn,M+l~ +

+ fm+~,;).L,,(V,U)
.-

.

. .

.. .

4 LA(VjlJ) fn,p ,=
)“

[(fn,p) LA(V,IJ) + (fn,M+l-p)%(~,M+lw)] (C33) _
p.= , I.t=l..

‘, ,.
.“

Further examinatlcii’ ti equaticm (c32) wiU. show that for only the
- V1. ..-,

fn,l.!= - fn,m+z~ ..‘lti
. .

.,
.,. I

. .

I



.,. .

1 , , I * *

EOwwer, the mood ~tl.on in equation (C33)b n = ‘~ In uhlch Inetauoe the even ~
g

tame In equ8tion (C32) vanish, thne the ~eccmd ktition beooms”

s.

T

;[

gl

W,IJ) - LA(v,*lW)l
.

~ ‘w+~
%

The firet e’wimlationIn eqlmtlon (C33)~ teme of fn,w = - fwl-n ~ and f=,~l+ . . f“l=,~l+

for evml . 111
J

or the ooefflcienta of LA(V) p ) and LA(VJM-P) venieh for eves U1.

h addlthn fn,wi.Fwl*,M - - fn,*lw+fwl=,~l.M for odd 111 or the Surmmtion .ie

M-1

... . T

z
(fn,p%l-n,d ~A(%~) ~ LA(v,14+lw~

p=l .,

Where fn,~+%l-Jl,U ie obtained from (C3E4 for tbe odd term of ~.

Iastly, .

(%,c)~ _ o) [LA(v,o) -LA( v,M+l
0

2.
for n = ‘T1

,. . .



.,, ..-— . . . . —. . . . . . . . . . . .

.“ . .

and

. .
. . . . . . .. . .

.. . . Fn,B ., %aa!?&iWTn+m+,whndoddlll

, b
,., . ,“,

..-.

t.

.

(C*)

. . .

. . . : -y. .,- ., ...:.. . . . . . . .

W,. = * ‘z~n,~[Li(~JIJ) - Q(vml+)l

. . . .. . . . .. . .. . . . ... ....- .- -- ... - . -.-, wQ, . . . .. .. . . .
. . ‘.:. . .:. . . . . .,.L
A equation (c+)

or WrleliIll iioda; ” .
.,

!131UEl

!19mI, as before

. .

fn,v = #i.kii,~ .“

u

A..20f@[U0,?4“n “’ ‘2(Mtl)
- LA(V,M+l+)]

., . . . .
..:.

1

1

; ,

,. il
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and.
s

(C35!

A further simplificationto ~V,n can elsobe effected. F5xxn
tie binomialtheorem:

and

a >b (C36)

for a <b (C371
..

.—
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then for t = ~

or

l’(t) =
“5(9 -m=

+ ~“ [~~. -~ ~)’ for t>l

(c38)

Equation(C34)may be written

~

where

&l(v,l-L)

This can also be written

..

= q(’i(v;u)- LA(v,M+L-I.L)

= Jk(n,T) - LA(q,-ij)

(C39)

so that frcm equation(C25)

~A(~,I.L)=
Jrl++xc’v(TI-+i)tin AJ2+[arV(TI+)p

Ew (m-) I

(c42)
.

.

.

.

.. . I
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Then

61.

(C43)

where

●

and T(t~)takestilesign of (q-~)

T(ts) tdces the sign of t3

Several ti the f mctkme of equatiop (C43) are independent of wi~
parameters and may be tdbtited for varicus q and ~.

Let%= -% KL=++ E= *,.1+,

● K4=-4Z3 ~ .It3
T-T q+ij

where, ae before,

. .
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.

Then

~A(v,U) = T(tl) .& [T(tz) +T(ta) tan A]

(C44) ‘

..where “ .. . .-

%= IPVK2+?5*
,: “

. .
.and

of K1 - .—

1of t*

loaded wlng$

.

.

{

hl,n ‘+%,m+kwl fern.+w .
Bvjn =

.

+
bv,n for n = +

,.

,

I
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.

Evn_is takenfr~eq~tion (C39); &(V,Ml is ta.kenf- (C441
ed fn,~ is from equation (c35).

UpOll how
used m
that the
accurate
equalto
tionsof

Limitation of the Series .

number of coefficients ~ required fo% accuracydepends
rapidlythe seriesequation(31 ccnverges. wefss~r
equal. to 7, 15, and 31 h his investigationand concluded
resultsobtainedwith m equalto 7 were nearlyas
as thosewith m equalto.15or 31. For this reason m
7, or foum coefficientshavebeen used in all ot the applic-
thlsmethodpresentedherein. The numberof ternsrequired

in the interpolation functia fn,~ must alsobe established.-in
Weissingerused M equalto 7, 15, ahd 3 and foundthat results
with M equalto 7 provedas aatlsfactoryaa thosevith M equal
to 15 or 31. Lastly,it should be noted that equation (3) C-CJt
eatiafaotorily approximate a curve c cmta=m~ discont huities;

howuver,a mmiificationwhiohwill enableIt to do so has been
dsvelopedby Multhopp(reference~).

*

“ Solution Tor Ad@itZond.bading

Since in a solution f’or additional loading the vtng is.

considered a flat plate and all angles of attack aV are equal
to a, equation (c28) may be modffiedto

1 . B*V

Evaluation.ofthis equation
set of ewat icm containing

9+
5. L %

“B*v,n ~a
n=

(C45)

at the sevoxz%lstations V producese
the ldUIOn c~ulations ~ whichCSn

thenbe ~olved“simultane~l.y to ob~in the values of these
circulatIons.

.

Substitutionof the v~ues so obtainodintotllofo~owing
eqmssions, resultsin tho yaluesindicated:

(C46)

. .

—
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.

..

and from reference 6 for m =”7
..

*

.

(C47)

t

(Cti) .
. . —

. .

(C49)

.

.“-

.

%p
(la352h& + Ch503& + 0.34k& + 0-040T~4

= —. (C50)
O.3827GI + O.’j’O’R&+ O.923.n3 + 0~~~

solution for BEWlc IKWdin$
‘.

The basic loading(m a wing with ca@er and/ortwistoan be “
determinedin a mannere~tly ~al.iel to thoseof l’~er and
Mutterperl.An exbitraryangle-aS is selectedfor the root
secticmahd the values mlwal, meag~~~frti, It..lf thesevalues
are then substituteciin equation(C2~),and if the re~ulting - “-
equations,~ eol~d simultaneously,valuesof Gn w~ll be
obtained,whtohwhen insertedinto the f~fiawlngexpressicmwil”l -
give the correctliftcoeffioient.f~ thewi~ at thisattitude.

.
(Cy.)

If thesevaluesof ~ are also subqtitutecl. into the following
equation,em expmssicm for the $otallc%~ng curyewill result.,.

..
.-
>-

.—-

.- .=.

--

. .;

●

cIou=2b Gv (c~2)
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k tho mlumi of ~ obtained
tionslloedinscarc then Suhtitha

frcunClilculatb’is for tho aaai-
intm ewatlon (C52), mdi13CLtOS

Correotlon of G;a”

As fn the other methods, tho orra introduce by the e.ssump~~~ ‘-
tit tho section lti%curve slupe is in sU. instances 2X cm he
Mmaily Corroctod . !lY.lClcorrectionis ~cmmh.d by m~~@w5 *

SLotualcl
specificcirculathn ordi.mtes ~ by ‘&o ratio whom

2YC

spoc~lo valuesof thisfunctionat spanp.~tton n must be
aetezTllin6d:f thisfunctionvario~a@ag tllclspan.

Awhenn=l

Bvhonn=2

Cwhonn=3

,. Dwhenn=k

stm@rQ, thcl.VahGs illColunm~ or tms form cm -h Consiaorcd
. groupodas

.
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tin

,. ...

.. .

F“

..

I?NA m Nob‘1476
. . .-. . .,

lwhen V=l .. . . . ... .

3“w.bnvl =3: ..”: ‘

6L,4==X”1 . *

..

..
,.

.

.. .

,.J

.,

?

.- .,

.,

. . .

,..

,.

.“” -

.—
-

.-

.:

,.,

The oc4q@bg fbrm for the fdmul.taneous..solutl~ (refere~e k) -
@f the eqwtlon (C45) is @ven In fow (1(4)i The eqdattchsmm pet

..

up as”fOllom : @ fIrst equation oonshta of the first” f~. pyuib~s
In column 15 fmg C (3), $he seoond kquatlon the seoond. four, and S*

:-,

forth; the f trst nuu$e~ in each &oup bbing the meff i,cient,of
.

Gz)’u,’the seoond being the coefficibht of G2/a .S4 BO f~th; “-
--

Simultaneotissolution gives”the (@s with the ccmrespdndings~
-.

Statian● .“

.
.

.

,.

.
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A== –45*L2 ‘

A“g?E

R “ g&zz

67

= -m
= .6P4

.+ = Z*Q571

.

.

.

—

J!-

2 3 ‘4 5 6 .7* 8* 9“ 10.
/_ #!$ 4“ $= AI#

4 * .+ @q 4!)4WG

o

7
3
0

k)

FORMC+ COMPUTINGFORM FOR WEISSINGER’SMETHOD

NATIONALADVISORY
CO#lMITrEEm AmmAUmS

Imzl

.

(Undersmwed numbers are. sample calcufatmns.)



E
I

v

1

z

(3)

——

“2

,rl

I

Z

—

.-. . . . . . . .. . . . . . . . .
.

3 .4P# 4 ,2%% 0
0 -44,4 z J Z,ozw 0

1 2,#?6 z

.

FORM C –

EWATICN I z 3 4
c oNSTANT ~

GI/a

G= /d

G8/&

G*A

()4.

NATIONAL ADVISORY

CONCLUDED
cOnMTIE FORAEROMMITKS

.J_ ~ *923’?

& 3&e3 .’?07}

.

, I
.
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t

Q I 4.6x25 “
31 1.8477

20 -3.4141
1 4.612~
2
3 3.&6

3 I
1‘4

II

I

o -1.6200
1 -1.8477
2 -3.0826
3 CQ

_l_-
0 -1,0000
1 -1 .C524
2 -1.4142

3 4.6130

.6131 l.@k~ 3.99921 .1329
I.7653 1.o&24 i 1.0%23 t .J’m2 I

.%%

.6KKL

.7m

.9176

.7232

.7653

.9176
1.3065

1.4142
1.4142
1.4142
1.4S+2

2.6130

e.mo
2.6130
2 .6H0

-4.00001 -.1~6 ‘
I-5.2254 -.1329 I

*

-&&ai -.4142
i

-4.0002 ~ -.297’-/
=]0 I

l.”&oo

1.0824
1.4142
2.6130

co

m

co

w

-2.0000 ~-100000

42.1649 i “1.0000

4!.8284 ~-1.0000
+.2260 ~-1.0000

NM!IOIWG ADVIWRY
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.

wing pemmetem

A ~AR

-45.2 ;2.99
49.6 4.45

.9 4.47
31.0 4.66
46.4 3.45

h
4

0.376
.405
.542
.*
.4~8

W2* parameters

= 0:
● i“

I

,9 4.47 .92

‘31.0 4.66 .442
46.4 ~3.45 .418

Llft+cmrve slopo dcL/da “(dega)
1

Xkllm.erl Mutterperl lWelssinger~ ~erlment
1. * I

,0.0419
I

O.* [ o.~m
I

0.0422
.o~~ .04s ! ●W35 ‘ . o~
.0633 .0632 I .0640 \ .0660
.(%38 .(%15

I
.0631

.o~ .0495 i .0470 i :%

Spanwke center of ~e68~> ~cn
E’allmer I Mutterperl [Weisslmgerl ~erl.ment

0.398 0.385 0.399 0.401
.408 .362 .403 .420
.b29 .426 .425 .433 -

.439 .434 .440 .444

.446 .438 .442 .k50
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OINTS

bj. MUTTERPERL

)c . WEISSINGER NATIONAL ADVISORY
coNNITTEE FC4 AEROIIAUTKS

FIGURE 1.- THE MANNER OF CONCENTRATING THE
VORTICITY FOR THE METHODS OF FALKNER,
MUTTERPERL AND WEISSINGER.
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